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(57) Abstract 

A processing system (10) for processing a substrate (30) comprises a processing chamber (16) including a support structure for 
supportmg a substrate (30) within the process space (20). A gas inlet (21) introduces a process gas (16) and a showertiead (14) dispeises 
process gas from the mlet (21). Electrical energy biases the showerhead (14) to fonm a plasma, and firet and second electrical insulator 
^ments (12) arc positioned between the showertiead (14) and the processing chamber (16) to electrically insulate the showertiead (14). 
TTie electrical insulator elements (12) each have a passage (46) for passing a process gas (16), and the respective passages of the in»ilator 
elements are laterally spaced from each other. A channel is formed in one of die elements and extends between the spaced passages to 
couple the passages (46) together and form a complete passage. 
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METHOP AND APPARATUS FOR INSULATING A HtPH PQWFfp 
RF ELECTRODE THROUGH VW^^^^^^^ 

ARE INJECTED INTO A PROCESSING CHAMRpp 

Field of the invention! 

This invention relates generally to plasma processing in the formation 
of integrated circuits, and specifically to plasma processing using a parallel 
plate plasma discharge device, wherein an electrode is insulated from a 
ground reference using an insulator plate. 
Background of the Invention; 

Gas plasmas are widely used in a variety of integrated circuit (10) 
fabrication processes, including plasma etching and plasma deposition 
applications applied to a semiconductor substrate. Generally, such plasmas 
are produced within a processing chamber by introducing a low-pressure 
process gas into the processing chamber and then directing electrical energy 
into the chamber for creating an electrical field therein. The electrical field 
creates an electron flow within the chamber which ionizes individual process 
gas molecules by transferring kinetic energy to the gas molecules through 
electron-molecule collisions. The electrons of the electron flow are 
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accelerated within the electric field in the processing chamber for efficient 
ionization of the gas molecules, and the ionized molecules of the process gas 
and free electrons collectively form what is referred to as a gas plasma or 
plasma discharge. 

5 The gas plasma created within the processing chamber may be 

utilized without any additional process gases, such as for etching the 
exposed surface of a substrate, or it may be used in combination with other 
selected process gases for depositing various material layers onto a 
substrate. For example, within an etching process, the ionized plasma 
particles will generally be positively charged, and the substrate will be 
negatively biased such that the positive plasma particles are attracted to the 
substrate surface to bombard the surface and thus etch and remove a layer 
of material therefi-om. 

If it is necessary to deposit thin material films or layers onto the 
substrata, such as to provide conductive and ohmic contacts for IC 
fabrication, a deposition process, such as chemical vapor deposition (CVD) 
may be used. In CVD. process gases are pumped into the processing 
chamber and the gases chemically react proximate the substrate to form 
reaction by-products which then deposit on the substrate to fom, the desired 
material layer. A CVD process using a gas plasma is generally referred to as 
a plasma-enhanced CVD or PECVD process. PECVD is often used, for 
example, for lowering the process temperatures and themial energy that are 
usually necessary for a proper chemical reaction with standard CVD. In 
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PECVD. electrical energy delivered to form and sustain the plasma reduces 
the thermal energy necessary for the chemical reaction. 

One common hardware configuration for plasma etching and PECVD 
is referred to as a parallel plate RF discharge device. In such a device, a 
5 planar substrate support and a planar gas supply element, such as a 

showerhead. are oriented generally parallel with each other in a processing 
chamber. One or both of the electrodes are electrically biased with RF 
energy to operate as opposing RF electrodes for energizing one or more of 
the process gases into an ionized plasma. The distance between the 
electrodes is relatively small with respect to the dimensions of the electrodes, 
and the distance may be around 1 inch, for example. The process gas is 
introduced through small holes within the showerhead electrode, and RF 
power is applied to the showertiead. requiring that the showerhead be 
Insulated from any ground reference. One such PECVD pnDcess and 
showertiead structure is disclosed in U.S. Patent No. 5.567.243. which is 
commonly owned with the present application. Another suitable shovi«rhead 
stmcture is disclosed in U.S. Serial No. 08/940.779. entitled "Apparatus and 
Method for Preventing the Premature Mixture of Reactant Gases in CVD and 
PECVD Reactions." which is also commonly owned with the present 
application. Both the issued patent and pending application are completely 
incorporated herein by reference in their entireties. 

The ground reference for the parallel plate device is generally the 
metal processing chamber in which the electrodes are disposed. The 
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substrate support electrode may or may not be grounded as well. An 
insulator, in the fomi of a plate of insulative material (e.g. quartz) is 
positioned between the grounded chamber and the showerhead electrode. 
The electrodes and insulator plate are usually flat, planar structures. 
5 although they may have some curvature to them. Since the process gas is 

passed to the showerhead electrode, it is necessary for the gas to pass 
through the insulator plate. However, the holes or openings which must be 
formed in the insulator plate to allow gas passage to the showerhead 
electrode, may be detrimental to the stability of the plasma. 

More specifically, the openings through the insulator provide a plasma 
breakdown path between the biased RF electrode and the grounded 
processing chamber. The plasma breakdown occurs when plasma is forwed 
within the openings and creates an electrically conductive path between the 
RF showeriiead electrode and a ground reference, such as the chamber lid 
or some other portion of the processing chamber. The plasma will then have 
a tendency to arc to ground, which detrimentally affects the stability of the 
plasma arid, as a result, the stability of the plasma process. The plasma 
breakdown usually occurs at a particular RF power level and system 
pressure and thus limits the RF power that may be applied to the plasma 
discharge. The limitation of plasma power will reduce the density of the 
plasma. The relationship between the breakdown power and the gas 
pressure is detemiined by various system parameters, such as the dimension 
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Of the processing chamber, the RF frequency, and the type of process gas 
utilized. 

An additional drawback to the existence of a breakdown plasma in the 
insulator openings occurs when the processing system is utilized for PECVD. 
In such a case, a plasma discharge in the openings may lead to deposition 
of a conductive coating therein. This may further lead to plasma instability 
and is a problem even under processing conditions where plasma arcing and 
breakdown does not actually occur. 

Some techniques have been employed to prevent a plasma 
breakdown; however, such techniques generally complicate the fabrication 
of the plasma processing system, and thus increase the overall expense of 
the system. For example, the insulator plate may be made thicker to 
increase the lengths of the openings in the plate. Furthermore, the openings 
may be profiled with grooves or flutes to lengthen the effective path length 
through the openings. Still further, the openings might be angled to also 
lengthen the effective path length through the openings. Such techniques 
increase the complexity of the insulator plate construction, and therefore, 
increase the fabrication costs of the plate. 

Another solution to the problem of breakdown voltage is to maintain 
the pressure in the processing chamber within a range that will allow a higher 
amount of RF power to be delivered to the plasma without breakdown. 
However, such a limitation also limits the operation of the parallel plate 
device and its applications in plasma processing. 
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Accordingly, it is an objective of the present invention to maintain a 
stable plasma within a parallel plate discharge device over a wide range of 
process conditions and pressures. 

To that end. It is another objective of the invention to reduce and 
prevent plasma breakdown within a parallel plate device using an insulator 
between the showerhead electrode and the ground reference. 

It is still another objective of the invention to reduce and prevent 
plasma breakdown within a parallel plate device without increasing the 
overall cost and complexity of the device. 

It is anotiier objective of ttie invention to reduce plasma deposition of 
a conductive coating within the opening in an insulator plate of a parallel 
plate device used in a PECVD process. 

Summary jny^^ntfTm; 

The present invention addresses the above objectives and reduces 
plasma breakdown due to conduction through openings fomied in an 
insulator element for passing process gas from a process gas supply to a 
biased gas-dispersing element such as a showerhead electrode. In that way. 
the present invention maintains an electrically stable plasma for processing 
a substrate. To tiiat end. the processing system of the invention comprises 
a processing chamber defining a process space which includes a support 
structure therein for supporting a substrate. A gas inlet in the chamber is 
coupled to a process gas supply for introducing the process gas into the 
chamber proximate a substrate supported therein. A gas-dispersing element. 
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such as a showerhead. is also coupled to the process gas supply for 
dispersing process gas proximate a substrate. 

In accordance with the principles of the present invention, an insulator 
assembly is positioned between the showerhead and the processing 
> chamber and is operable to electrically insulate the showerhead from the 

processing chamber. The insulator assembly includes a passage 
therethrough for passing a process gas from the gas inlet through the 
insulator assembly wherein the passage includes sections laterally spaced 
from each other to prevent a direct line-of-sight opening through the 
assembly. A cross passage section extends between the laterally spaced 
passage sections to couple those passage sections together and forni the 
complete passage through the assembly. 

In one embodiment of the invention, the insulator assembly includes 
insulator elements, such as planar insulator plates, which are formed of an 
electrically insulating material, such as quartz. The insulator plates each 
have a passage section therethrough for passing a process gas from the gas 
inlet through the insulator plate. The respective passage sections of ttie 
insulator plates are laterally spaced from each other so that a direct lihe-of- 
sight opening through the insulator plates is prevented. A cross passage 
20 section is fomied in at least one of the elements and extends between the 

spaced passage sections to couple the passage sections together and form 
a complete passage through the insulator plates for passing a process gas 
through the plates and to the showerhead. Preferably at least one 90» angle 
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is formed between the showerhead and the processing chamber for avoiding 
a direct line-of-sight passage between the showerhead and chamber to 
thereby reduce and prevent plasma breakdown. In one embodiment of the 
invention, two adjacent plates are used. Alternatively, multiple plates with 
5 multiple pairs of laterally spaced passage sections and respective channels 

might be utilized for electrically insulating the showerhead in accordance with 
the principles of the present invention. 

In one embodiment of the invention, four pairs of passages are fomied 
in the insulator plates and four associated pairs of laterally spaced sections 
and cross passage sections are used. The plates have a generally circular 
cross-section and the cross passage sections are fomied in a semi-circular 
shape to follow the contour and shape of the plates. Ceramic alignment pins 
are positioned between the insulator plates for providing proper alignment 
between the respective spaced passage sections and cross passage 
sections to fom, the various gas passages through the plates. Alignment 
pins might also be utilized at interfaces between the plates and the 
processing chamber and showerhead to ensure proper positioning and 
alignment of the plates within the processing chamber. 

In addition to preventing plasma breakdown by eliminating a direct. 
Ilne-of-sight. conductive patti through the. insulator plates, the present 
invention also may eliminate electrical insulating or RF blocking structures 
witiiin ihe gas supply line, which are nomially utilized with the processing 
systems to prevent the RF biasing of the electrode from traveling into the 
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process gas supply. Furthermore, the multiple insulator plates of one 
embodiment of the present invention may be made thinner than the typical 
single insulator plates utilized in prior art processing systems. As such, the 
multiple plates are less susceptible to thermal shock and breakage should 
the heated processing space be vented to atmosphere. 

Other objectives and advantages are set forth hereinbelow in the 
Detailed Description of the invention. 

Brief Description of tt^.=> ^'TT??; 

The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate embodiments of the invention and. 
together with a general description of the invention given below, serve to 
explain the principles of the invention. 

Figure 1 is a side cross-sectional view of a prior art parallel plate 

device. 

Figure 2 is a side cross-sectional view of an insulator assembly in 
accordance with the principles of the present invention. 

Figure 3 Is a diagram plotting the DC bias of an RF electrode in the 
load resistance of a hydrogen plasma plotted versus RF power for the 
devices shown in both Figures 1 and 2. 

Figure 4A is an upper view of an insulator plate used in an insulator 
assembly in accordance with the principles of the present invention. 

Figure 4B is a lower view of an insulator plate, as in Rgure 4A. in 
accordance with the principles of the present invention. 
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Detailed DA^nrfrtiffnr 

Figure 1 illustrates a prior art processing system 10 utilized for 
processing semiconductors during IC fabrication and Incorporating a parallel 
plate plasma discharge device. System 10 utilizes a planar insulator plate 
5 12 through which a process gas is directed to a biased showerhead 14. As 

discussed above in the Background Section of the application, such a 
configuration is susceptible to plasma breakdow^n due to the process gas 
being passed directly through the insulator plate 12. which effectively 
provides a conductive plasma path between the biased showert^ead 14 and 
the grounded process chamber 16 and/or grounded process gas supply im^ 
18 and associated gas supply components. The drawback of plasma 
breakdown in existing parallel plate processing systems is addressed by the 
present invention, which also provides additional benefits including a plasma 
processing system which is more impervious to the effects of themial shock 
and which may eliminate various of the gas supply components, such as RF 
breaks or RF blocking components which prevent the RF in the showerhead 
from migrating to components of the gas supply through the gas supply line. 

The existing system 10 in Figure 1 will be described in detail for an 
understanding of the current plasma processing system in which the present 
invention will be Incorporated. Prior art system 1 0 and inventive system 1 0a 
have various common or similar components which are given similar 
reference numbers accordingly. System 10. in which the invention will be 
incorporated, includes a processing chamber 16 fomied of a suitable metal 
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such as stainless steel or Inconel. The processing chamber 16 defines a 
process space 20 in which a plasma Is generated. Closing the top of 
chamber 16. and thereby enclosing the process space 20 is a chamber lid 
22. which is also preferably formed of stainless steel. Chamber lid 22 is 
5 appropriately sealed with chamber 16 for providing a low pressure or vacuum 

environment in accordance with plasma processing principles. A support 
structure 24. which may be coupled to the chamber lid 22 supports the 
insulator plate 12 and a gas-dispersing element, such as showerhead 14 as 
illustrated. The insulator plate 12 will be fabricated from an electrically 
insulative material, such as quartz. Showertiead 14 includes a plurality of 
appropriately formed apertures 28 therein, in a bottom surface 29 thereof for 
introducing process gas above a substrate 30 resting on a substrate support 
or susceptor 32. The showertiead 14 may take any suitable form and is 
generally configured to receive process gas from a process gas supply 19 
and gas supply line 18 and disperse the gas evenly over the substrate 30 
through apertures 28. The pattem and number of apertures 28 are 
preferably detemiined to provide a uniform and even flow of the process gas 
over the substrate. Suitable showerhead designs are illustrated in U.S. 
Patent No. 5.567.243 and Serial No. 08/940,779. noted above. The 
showerhead is fabricated from a suitable metal such as aluminum or Inconel. 
The gas supply line 18 will pass through an appropriate inlet 21 fomied in the 
chamber. 
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Susceptor 32 rests on a base 33 and supports a planar substrate 30 
in an orientation generally parallel to showerhead 14. For a particular 
process, such as a CVD or PECVD process (or an etch process), the 
substrate 30 and accordingly susceptor 32. might need to be heated (or 
coded) and will therefore be coupled to a suitable heating or cooling system 
and temperature control system (not shown) through base 33. Also, it may 
be desirable to rotate the susceptor 32 for unifom, deposition onto the 
substrate 30. To that end. susceptor 32 might be coupled to an external 
rotational control system 37. It will be readily understood by a person of 
ordinary skill in the art that other susceptor control systems, such as a back 
Plane heating system and a substrate chuck or clamping system might also 
be utilized with susceptor 32 in accordance with well-known principles In the 

art. During processing, processspace20ofchamber16 is atalowpressure. 
and accordingly, chamber 16 is coupled to a vacuum system 39 through an 
appropriate opening in the chamber 16. such as vacuum opening 34. The 
pressure within the process space 20 maintained by vacuum system 39 will 
be in accordance with known process parameters. 

For creating and maintaining a plasma within the process space 20. 
Showerhead 14 is biased by an RF power supply 40. One such suitable 
supply operates at approximately 13.56 MHZ and is capable of delivering 
power to the showerhead 14 of approximately 100-1200 Watts. Furthermore, 
within the parallel plate configuration of processing system 10. a small 
distance is maintained between the top susceptor surface 35 supporting 
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substrate 30 and me opposing w surface 29 o, the showerhead 14. One 

suchsui,abtedistancefeappro»ma.e,y25n,n,.ora™und1 inch. ,nensu*g 
proper a«gnn,ent of the shc^rhead 14 and InsuWor ^ n with respect 
to substrate 30 and process gas supply ii„, ,a. alignment p,„s 42 are used 
in the interfaces between the chamber lid 22 and insulator plate, and 
between the insulator piate 12 and showerhead 14. Chamber lid 22 
insulator plate 12, and showerhead 14 will all be appropriately sealed In 
accordance with well*,o„„ principles to ensu« that a proper vacu™ |s 
sustained and that process gas is maintained within the chamber 16 and 
spedflcally Within the process space 20 for providing a unitbm, and dense 
plasma proximate substrate 30. 

The electrodes of the processing system ,0 ^ fomH,d by fl« 
generally ptanar and generally parallel showerhead 14 and susceptor 32. 
THe Showerhead 14 and susceptor 32 may maintain cun,ed surfaces 29 and 
35. respecaveiy. However, the surfaces 29. 35 are preferably planar and are 
oriented preferably in a parallel orientation with respect to each other. As 
noted above, me show,rt«ad 14 is biased by an RF power supply 40. 
Susceptor 32 will generally be grounded (almough it may also be biased) and 
to that end will generally be electrically coupled to the chamber 16 which is 
coupled to a ground raference 45. The process gas supply, and particularly 
supply line 18. is also coupled to the ground reference 45. As Hus^ted In 
Raure 1. a passage 46 is fom»d through Insulator plate 12 and couples the 
gas supply line 18 ,0 showertiead 14. Sh«»erhead 14 will usualV include a 
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space (not shown) into which the process gas is directed for being 
subsequently dispersed through apertures 28. The opening 46 is 
appropriately coupled and sealed to the interfaces with the supply line 18 and 
the showerhead 14 to ensure that gas is efficiently delivered to the 
showerhead Without leakage. For example, an O-ring seal, not shown, could 
be utilized between the plate 12 and the chamber lid 22 to prevent gas 
leakage where the supply line 18 Interfaces with plate 12. 

Figure 2 Illustrates the present invention which may be utilized within 
a processing system similar to system 1 0 illustrated in Figure 1 . To that end 
like elements utilize the same reference numbers. The inventive system 10a 
illustrated in Figure 2 utilizes an insulator assembly 49 which includes a 
passage therein with laterally spaced passage sections to prevent a line^. 
sight gas passage between the biased showertiead and the chamber or gas 
lines Which are grounded. The assembly, in one embodiment, includes 
multiple insulator elements, such as individual insulator plates 50a, 50b. The 
two plates 50a. 50b cooperate to reduce and prevent plasma breakdown. 
The assembly 49. such as the plates, is appropriately fomied of an 
electrically insulative material such as quartz. While an assembly 49 using 
multiple elements is illustrated, the invention might also utilize a single 
element in which a passage Is fomied in accordance with the present 
invention. The process gas from supply line 18 is fed through the first 
insulator plate 50a through a passage section 52 and is then fed through the 
second plate 50b through a passage section 54. In accordance with the 
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pnndples of 0,e present invention. a« passage seoBons 52. 54 a™ laterally 
spaced from each other so as not to provide a straight or direct ,ine<,.^^ 
path between the biased showerhead electrode 14 and a,e grounded 
process chamber 16 or supply line ,8. The passage sections 52. 54 are 
5 coupled together by a cross passage section 56 fom»d in a. teas, one o, the 

el»nents or plates 50a. 50b behveen the spaced passage sections. The 
spaced passage sections 52. 54 and the cross paasage section 56 
colectively (bmi the passage through «ie insulator assembly 49. m «,e 
embodiment illustrated in Figure 2. the cross passage section 56 is (omied 
completely in the upper element 50a: however. c^ss passage section 56 
might also be fom«d in element 50b. or might be fom,ed with por«ons in 
both elemente 50a. 50b. Therefore, the path the process gas travel, 
between the biased showerhead electrode 14 and the process chamber 16 
or gas feedline 18. is significantly lengthened and the« is no direct. lineK,f. 
sigh, course of travel for the plasma to short to a ground reference. In a 
preferred embodiment of the i„ven«on. c™ss passage secSon 56 will have 
«» same or larger cross-sectional dimension as the passage sections 52. 54 
in order to minimize or prevent gas flow restriction. As illustrated in Hgun. 
2. the flow of the plasma in the passage secUons 52. 54 and a»ss passage 
section 55 win encounter at least two right angles or 90- turns fom,ed at the 
interface between the passage sections 52. 54 and the section 56. Tl,e 
. Plates 50a. 50b are fomied and configured to stack together so that the 
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interface 51 be«,een me plates p„«ides a ge„a,a*, gas^lgh, c=up»,g of the 
passage sections 52. 54 and section 56. 

The passage sections 52. 54 within the staci,ed Insulator plates 50a, 
50b may be posiUoned in tt,e plates as desinsd in o,^er to address the 
5 pa-tlculargeome.o' and d«»g„ considerations of the processing system 10a. 

in one embodiment of the invenBon. the showerhead 14 and plates SOa. 50b 
are circular and the section 56 follows the circular geometry of the pbte in 
Which i, is fom»d. Furthermore, multiple gas supply |i„es 18 might be 
utilized to introduce gas to the showerhead. In such an embodiment of 
invention, pairs of appropnately fomied passage sections 52. 54 
respective cross passage section 56 would be used in the plates SOa. 50b 
To provide alignment between the various insulator plates SOa. 50b 
Chamber lid 22 and showerhead 14, aOgnment pins 42 may be uailzed 
appropriate. In the preferred embodiment the alignmen. pins a,e preferably 
ceramic. 

Figures 4A and 4B i»ustrate an embodiment of upper and lower 
insulator Plates SOa, 50b In accordance^h one embodiment of the present 
Invention. The insulator plates include multiple pairs of laterally spaced 
passage sections wItt, an associated cross passage section fom»d b«ween 
the pairs of spac«i passage s«:tions. in that way, muMpie gas supply lines 
may be utilized to deliver gas to showerhead 14 and multiple passages are 
forme, through the insulator assembly. More specif ca«y, Insulator plates 
SOa, 50b are generally circular in coss-secSon and include pairs of passage 
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sections designated as S2a, 54a: 52b. 54b: 52c. 54c and 52d. 54d. 
Respective cross passage sections 56a. 56b. 56c. and 56d couple the pairs 
of passage sections together. The cross passage sections are formed in a 
semi-circular shape to match the cross-sectional shape of the plates 50a, 
50b. In the embodiment illustrated in Figures 4A and 4B. the outer passage 
sections 56a. 56d. and corresponding pairs of spaced passage sections 52a. 
54a and 52d. 54d are larger than the inner passage sections 56b and 56c 
and associated spaced passage sections. 

The assembly of Figures 4A. 4B therefore may be utilized to introduce 
multiple process gases to a showerhead. For example, one process gas 
supply might be coupled to the inner passages of the assembly, while 
another supply with a different process gas may be coupled to the outer 
passages. A non-mixing showerhead. as illustrated in application Serial No. 
08/940.779. which is incorporated herein by reference, may be used with the 
1 5 insulator assembly of the invention . 

Appropriate holes 57 are fomied in the top surface of the top or upper 
plate 50a to receive cerarhic alignment pins 42 between the interface of 
insulator plate 50a and the chamber lid 22. Similarly, appropriate openings 
58 are formed in both the lower face 59 of the upper plate 50a and the upper 
20 face 60 of the lower plate 50b for receiving alignment pins 42 at the interface 

51 between the plates. Finally, an appropriate opening 62 is fomied in a 
lower surface 63 of the iov^er plate 50b for an alignment pin coupled between 
the showerhead 14 and the lower insulator plate 50b. 
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To bias a showerhead. RF energy must be coupled thereto through 
the insulator assembly. To that end. the insulator assembly 49 includes an 
RF aperture formed therein. Referring to Figures 4A. 4B. apertures 62a. 62b 
are fomied in the plates to create an overall RF aperture. A metal plate or 
washer 64 might be utilized with the element 50b for physically coupling the 
showerhead to the insulator assembly. 

Figure 3 illustrates a graph of the load resistance of the plasma 
discharge created within the process systems 10 and 10a. and the DC self- 
bias of the RF biased showerhead versus RF power for a system using a 
hydrogen plasma and a single insulator plate as shown in Rgure 1 and the 
insulator assembly 49 with insulator plates 50a. 50b as shown in Figures 2. 
4A and 4B. As illustrated by the various points on the chart of Rgure 3. at an 
RF frequency of 1 3.56 MHz and process pressure of 0.45 Torr. within space 
20 of the Chamber 16. the RF power delivered to system 10 was generally 
limited to 350 Watts. The process space was maintained at a temperature 
of around 175-200'C. As illustrated at point 70 in the chart of Figure 3. and 
the reference arrows 71.72 at power levels above approximately 350 Watts, 
there is an abrupt increase in the load resistance as illustrated by reference 
arrow 71 and a sharp drop in the DC self-bias of the showerhead as 
illustrated by reference numeral 72. The abrupt increase in load resistance 
of the plasma and abrupt drop in showerhead DC bias is indicative of a 
parasitic discharge fomiation in the passage 46 through the insulator plate 
12 wherein the showerhead 14 begins to arc to ground through the plasma. 



10 



15 



20 



WO 00/59005 PCT/USOO/07031 

19 

Plasma within the showerhead was confirmed within a CVD process using 
system 10. as deposition occurred in the individual passages or holes 28 of 
the showerhead 14. Generally, the RF power limit of the system 10 will 
increase upon an increase in pressure within the processing space 20 
5 because, at higher pressures, the RF voltage at the showerhead necessary 

for delivering a particular RF power to the plasma is lower. 

Reference number 75 refers to points in the chart of Rgure 3 wherein 
system 10a in accordance with the present invention was utilized having two 
stacked insulator plates 50a. 50b as shown in Figures 4A and 4B. With the 
inventive design of system 10a there was effectively no power limit obseived 
up to 1300 Watts. 

In accordance with the principles of the present invention as noted 
above, multiple gas supply lines 18 might be utilized to introduce the process 
gas to showerhead 14. Furthermore, in accordance with the principles of the 
present Invention, multiple insulator plates beyond the two stacked insulator 
plates 50a. 50b illustrated in Figure 2 might be utilized. For example, for 
higher power levels within a desired process, the cross passage section 56 
may require a very short length. As such, passage section 56 may be 
replaced with a series of shorter passage sections formed at the interface of 
more than two multiple plates. In that way. the invention also comprises 
embodiments using any number of stacked insulator plates with appropriate 
channels fomied at each interface between the plates and the appropriate 
laterally-spaced and non-aligned gas passages formed in the plates to 
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P^vide a passage for «,e process gas be^»e^ one or ™™ ,,3 feeOllnes 

18 and the showerhead 14. 

The p«sen, inventon provides a tong path ,eng«, be^vee^ the RF 
elec^de and a ground reference in order ,o defeat plasma breaKdown 

Furthennore. , he iateraiiy-spaced and non^Med passage sections 52 54 
coupted by passage section 56 pre^nt a direct line^f-sigbt between «,e 
shcwerbeed eieCcde and a ground reference in order to ir^pede any 
secondaiveiecon avaianchewhid, ™y occur upon the piasm, b,eai,down 
The system ,0a of «,e p^sent inven«on is also less susceptible to .hem,a, 
Shocks because multiple minner plates are less suscepSbfe to b„al«ge than 
a Single thicK plate shou« the system have to be vented to a^K^phe™ at a 
high temperature. T,„ further advantage to the system ,0a of the present 
■nventlon is the elimination of cedain gas supply elements which leads t, a 
l"s comp^cated gas delivery system. For example, since the,e Is no direct 
lines^-sight connection of the gas suppV line ,8 to the showerhead electrode 
14. it is not necessary to utilize separate RF-biealc components wi«,ln the 
gas supply line ,8 as might.nom,alv be necessa^ |„ system ,0 illustrated 
in Figure 1. 

While the present invention has been illustrated by the description of 
.he embodiments thereof, and while the embodiments have been described 
>n considerable detail, it is not the intention of the applicant to .estrtct or in 
any way limit the scope of the appended Calms to such detail. Additional 
advantages and modiflcations will readily appear to those sKllled in «,e a,, 
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Therefore, the invention in its broader aspects is not limited to the specific 
details representative apparatus and method, and illustrative examples 
shown and described. Accordingly, departures may be made from such 
details without departure from the spirit or scope of applicant's general 
5 inventive concept. 

What is claimed is: 
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1. A processing system for processing a substrate with a plasma, the 

processing system comprising: 

a prooassing chamber defining a proems space, the proc^ 
ci,an,ber including a support sm,cft,re for supporting a suba.«,. me 
process space; 

a gas inlet in the chamber for introducing a process gas into the 
chamber; 

a showerhead positioned within the chamber and operable for 
dispersing process gas from the inlet Into the process space; 

a supply Of electrical energy for biasing the showerhead to fomi a 
plasma with process gas dispersed by the showerhead; 

an insulator assembly positioned between the showerhead and the 
processing chamber, the Insulator assembly operable to electrically insulate 
the showerhead from the processing chamber; 

the insulator assembly including a passage therethrough for passing 
a process gas from the gas inlet through the insulator assembly, the passage 
including sections thereof which are laterally spaced from each other; 

the passage further including a cross passage section extending 
between the laterally spaced passage sections to couple the laterally spaced 
passage sections together and fom, a passage through the insulator 
assembly for passing a process gas to the showerhead; 

Whereby a direct line^f-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 
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2. Th. processing system of clah, l whe«in «,e insulator assanbv 
.nclud« fe. and second eiecWcal insulator eientonts. each element 
including a passage secdon ««ending tt,ere«,™ugh tor passing a gas 
through insulator elemen.. tt,e respecUv, passage secdons of «,e 

inaulatorel«nemsbeingbto„,lysp=ced^„eachomer.tt»crosspassage 
secfcn being to^d in at least one of the elen»nta and extending b^ween 
».e spaced passage sections to couple the passage sections together and 
form the complete passage. 

3. The processing system of claim 2 wherein the cross passage section 
is formed completely in one element. 



4. The p«,cessing system of claim 1 wherein said insulator assembly is 
formed of quartz. 



5. The processing system of claim 1 wherein said supply of electrical 
energy is an RF power supply for biasing the showerhead with RF energy. 



6. 



The processing system of claim 2 wherein said Insulator elements 



planar insulator plates which are stacked 



are 



one on the other. 



r- The processing system of claim 6 further comprising alignment pins 
POsHioned between ,h. insulator plates tor ptovlding pn^er alignment 
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between the respective passage sections and the cross passage section to 
form said passage. 



8. The processing system of claim 1 wherein said passage fbmis at least 
one 90 degree angle between the showerhead and the chamberfor the flow 
of a process gas. 

9. The processing system of claim 1 wherein the insulator assembly 
further comprises multiple passages therethrough, each of the passages 
including a pair of laterally spaced passage sections with a cross passage 
section coupling the spaced passage sections together. 

10. The processing system of claim 9 wherein the multiple passages are 
physically isolated from each other. 

11. The processing system of claim 1 wherein said cross passage section 
is semi-circular in shape. 

12. The processing system of claim 6 wherein said insulator plates each 
form a plane and said laterally spaced passage sections are oriented 
generally perpendicular to said plate planes, the cross passage section being 
oriented generally parallel to said plane of the plate in which it is fomied. 
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13. A processing system for processing a substrate with a plasma, the 

processing system comprising: 

a processing chamber defining a process space, the processing 
Chamber including a support structure for supporting a substrate within the 
process space; 

a gas inlet in the chamber for introducing a process gas into the 
Chamber; 

a showerhead positioned within the chamber and operable for 
dispersing process gas from the inlet into the process space: 

a supply of electrical energy for biasing the showerhead to fomi a 
plasma with process gas dispersed by the showerhead: 

an insulator assembly positioned between the showerhead and the 
processing chamber, the insulator assembly operable to electrically insulate 
the Showerhead firom the processing chamber and comprising a plurality of 
electrical insulator elements positioned adjacent to each other between the 
showertiead and the processing chamber; 

each of said plurality of insulator elements having a passage section 
therethrough for passing a process gas from the gas inlet through the 
insulator element, the respective passages of the adjacent insulator elements 
being laterally spaced fi^om each other; 

at least one cross passage section extending between the laterally 
spaced passage sections of adjacent insulator elements to couple the 
laterally spaced passages together for passing a process gas through the 
adjacent insulator elements; 



wo 00/59005 PCT/USOO/07031 

26 

Whereby a direct line^f-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 
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14. An electrically Insulative assembly for insulating a biased gas- 
dispersing element from a ground reference within a processing system for 
processing a substrate with a plasma, the insulative assembly comprising: 
a processing chamber defining a process space, the processing 
Chamber Including a support structure for supporting a substrate within the 
process space; 

an electrical insulator assembly configured to be positioned between 
a biased gas-dispersing element and a ground reference to electrically 
insulate the gas-dispersing element; 

the insulator assembly including a passage therethrough for passing 
a process gas from the gas inlet through the insulator assembly, the passage 
including sections thereof which are laterally spaced from each other 

the passage further Including a cross passage section extending 
between the laterally spaced passages to couple the laterally space passage 
sections together and fom, a complete passage through the Insulator 
assembly for passing a process gas to a gas-dispersing element; 

Whereby a direct llne-of-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 
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15. The assembly of claim 14 wherein the insulator assembly includes 
first and second electrical insulator elements, each element including a 
passage section extending therethrough for passing a gas through the 
insulator element, the respective passage sections of the insulator elements 
being laterally spaced from each other, the cross passage section being 
fomied in at least one of the elements and extending between the spaced 
passage sections to couple the passage sections together and form the 
complete passage. 



16. The assembly of claim 14 wherein said insulator assembly is formed 
of quartz. 



17. The assembly of claim 14 wherein said insulator elements are planar 
inslulator plates which are stacked one on the other. 



18. The assembly of claim 14 wherein said passage fonns at least one 90 
degree angle for the flow of a process gas through the insulator assembly. 

19. The assembly of claim 14 wherein the insulator assembly further 
comprises multiple passages therethrough, each of the passages including 
a pair of laterally spaced passage sections with a cross passage section 
coupling the spaced passage sections together. 
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20. A method for processing a substrate with a plasma, the method 
comprising: 

positioning a substrate within a processing chamber defining a 
process space therein; 



chamber; 



introducing process gas into the chamber; 

dispersing the process gas with a showerhead positioned within the 



electrically biasing the showerhead to fomi a plasma with process gas 
dispersed by the showerhead; 

electrically ir^sulating the showerhead from the p«H:essing chamber 
With an insulator assembly positioned between the chamber and the 
showerhead; 

passing the process gas through the insulator assembly to the 
showerhead through a passage through the insulator assembly; 

the passage including sections thereof which are laterally spaced from 
each other and further including a aoss passage section extending between 
the laterally spaced passages to couple the laterally spaced passages 
together and for the passage through the insulator assembly for passing a 
process gas to the showerhead; 

Whereby a direct line^rf-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 
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21. The method of Claim 1 wherein the Insulator assembly Includes first 
and second electrical insulator elements, each element including a passage 
section extending therethrough for passing a gas through the insulator 
element, the respective passage sections of the insulator elements being 
.aterally spaced from each other, the cross passage section being fom,ed in 
at least one of the elements and extending between the spaced passage 
sections to couple the passage sections together and fom, the complete 
passage. 



22. The method of claim 20 wherein said insulator elements are fomied 
Of quartz. 



23. The method of claim 20 wherein said Insulator elements are planar 
insulator plates which are stacked one on the other. 

24. The method of daim 23 further comprising aligning the insulator plates 
With alignment pins positioned between the insulator plates for providing 
proper alignments between the respective passage sections and the cross 
section passage to form said passage through the assembly. 
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25. The method of claim 20 further comprising multiple laterally spaced 
passage sectioris fomied In the respective insulator elements, a cross 
passage section being fbmied In the insulator assembly and associated with 
each of the spaced passage sections to couple each of the passage sections 
together. 



26. The method of claim 20 wherein said passage fomis at least one 90 
degree angle between the showerhead and the chamber for the flow of a 
process gas. 
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AMENDED CLAIMS 
[received by the International Bureau on 25 July 2000 (25.07.00); 
original claims 1,13 and 14 amended; remaining claims unchanged (3 pages)] 

1 . A processing system for processing a substrate with a plasma, the 

processing system comprising: 

a processing chamber defining a process space, the processing 

chamber including a support structure for supporting a substrate within the 

process space; 

a gas inlet in the chamber for introducing a process gas into the 
chamber; 

a showerhead positioned within the chamber and operable for 
dispersing process gas from the inlet into the process space; 

a supply of electrical energy for biasing the showerhead to form a 
plasma with process gas dispersed by the showerhead; 

an insulator assembly contacting the showerhead and positioned 
between the showerhead and the processing chamber, the insulator 
assembly operable to electrically insulate the showerhead from the 
processing chamber; 

the insulator assembly including a passage therethrough for passing 
a process gas from the gas inlet through the insulator assembly, the passage 
including sections thereof which are laterally spaced from each other; 

the passage further including a cross passage section extending 
between the laterally spaced passage sections to couple the laterally spaced 
passage sections together and form a passage through the insulator 
assembly for passing a process gas to the showerhead; 

whereby a direct line-of-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 

AMENDED SHEET (ARTICLE 19) 
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13. A processing system for processing a substrate with a plasma, the 
processing system comprising: 

a processing chamber defining a process space, the processing 
chamber including a support structure for supporting a substrate within the 
process space; 

a gas inlet in the chamber for introducing a process gas into the 
chamber; 

a showerhead positioned within the chamber and operable for 

dispersing process gas from the inlet into the process space; 

a supply of electrical energy for biasing the showerhead to form a 

plasma with process gas dispersed by the showerhead; 

an insulator assembly contacting the showerhead and positioned 

between the showerhead and the processing chamber, the insulator 

assembly operable to electrically insulate the showerhead from the 

processing chamber and comprising a plurality of electrical insulator 

elements positioned adjacerit to each other between the showerhead and the 

processing chamber; 

each of said plurality of insulator elements having a passage section 

therethrough for passing a process gas from the gas inlet through the 

insulator element, the respective passages of the adjacent insulator elements 

being laterally spaced from each other; 

at least one cross passage section extending between the laterally 

spaced passage sections of adjacent insulator elements to couple the 

laterally spaced passages together for passing a process gas through the 

adjacent insulator elements; 

AMENDED SHEET (ARTICLE 19) 
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14. An electrically insulative assembly for insulating a biased gas- 
disperstng element from a ground reference within a processing system for 
processing a substrate with a plasma, the insulative assembly comprising: 
a processing chamber defining a process space, the processing 
chamber including a support structure for supporting a substrate within the 
process space; 

an electrical insulator assembly configured to be positioned between 
a biased gas-dispersing element and a ground reference to electrically 
insulate the gas-dispersing element; 

the insulator assembly configured for contacting the gas-dispersing 
element and including a passage therethrough for passing a process gas 
from the gas inlet through the insulator assembly, the passage including 
sections thereof which are laterally spaced from each other; 

the passage further including a cross passage section extending 
between the laterally spaced passages to couple the laterally space passage 
sections together and form a complete passage through the insulator 
assembly for passing a process gas to a gas-dispersing element; 

whereby a direct line-of-sight passage through the insulator assembly 
is avoided to maintain the stability of the plasma during processing. 



AMENDED SHEET (ARTICLE 19) 
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